INTRODUCTION
Tropical forests constitute important ecosystems, covering a total area of 23.6 million km 2 (Coad et al. 2009 ). They serve as key biodiversity hotspots and are sinks for the world's largest terrestrial carbon dioxide emissions (Kapos et al. 2008 ). Unfortunately these two major roles played by tropical forests are threatened by deforestation and forest degradation (UNEP 2008) . A major component of tropical forest diversity is the lichen community, which regulate critical ecosystems services such as nutrients cycling, nitrogen fixation, water cycles and soil formation (Gradstein et al. 1996 (Gradstein et al. , 2003 McCune 2000; Purvis 2000; Lücking et al. 2009 ). Moreover, lichens are sensitive to environmental conditions (Uliczka & Angelstam 2000) , and hence have been used to monitor changes in climate and as ecological indicators of forest health (Brodo et al. 2001; Gradstein et al. 2003; Aptroot & van Herk 2007) . Over the last century tropical forests have been experiencing varying degrees of natural and anthropogenic pressures thereby influencing their ecological conditions and consequently lichen assemblages (Uliczka & Angelstam 2000; Yeshitela 2008) . Threats to the forest range from human activities such as deforestation, selective logging of high quality woody tree species and forest fires, to defoliation by large ungulates such as elephants. These threats influence structure and composition of the forest stands (Bussman 1994; Musila et al. 2009 ).
Impacts of climate changes on forest ecosystem affect species occurrences and distribution from local to regional levels (Ellis 2012). At the same time, vegetation responds to temperature and humidity; which are two surrogate measures of climatic conditions, which also correlate strongly with altitudinal gradient (Ellis et al. 2007) . Vegetation diversity and associated species have been reported to decrease with increase in altitude. Increase in tree diversity shows strong correlation with environmental heterogeneity in forests, hence a general assumption that high tree diversity corresponds to diverse lichen communities. For Table 1 . Description of the study sites in Chogoria (C1 -C7) and Sirimon (S1 -S4). Classification of vegetation zonation follows Bussman (2006) . instances several studies have found significant relationships between lichen flora and altitude (e.g., Dietrich & Scheidegger 1997; Pintado 2001; Dolezal & Srutek 2002) , a pattern attributed to differences in humidity and temperature along an altitudinal-environmental gradient complex (Kurschner et al. 1999; Zotz 1999; Zotz et al. 2003) .
One of the predicted impacts of forest degradation to lichen diversity is loss of available environmental heterogeneity that can be partitioned at three major levels: (i) variation within a single tree species; (ii) variation in stand density and (iii) variation controlled by stand-scale factors within a forest (Ellis 2012). Selective logging and occurrences of forest fires are expected to damage forest canopies and expose trees' trunks both lateral and vertical environments to adverse effects of sun and wind. At the tree level, lichen assemblages change along tree heights (Moe & Botnen 1997 Johansson et al. 2010; Marmor et al. 2013) as well as differ between branches and trunks (Williams & Sillett 2007; Rambo 2010) , an indication of different habitats created by branching types and positioning (Lie et al. 2009 ). Also within a tree, vertical positioning influences environmental factors, such as pH and nutrient content in response to stem flow volume (Rambo 2010) ; though thought to vary depending on biogeographical settings in reaction to levels of humidity and moisture content. Current data available indicate that few lichen species are restricted to particular tree species (Foucard 2001; Smith et al. 2009) , with many species displaying preferences to several tree types depending on their bark physical and chemical characteristics (Gauslaa & Holien 1998; Kermit & Gauslaa 2001; Benner & Vitousek 2007; Cácares et al. 2007; Spier et al. 2010 ; for review see Ellis 2012).
The environmental condition of forest stands is a factor of tree diversity and forest structural heterogeneity. Generally forests with high structural heterogeneity are associated with forest stands with healthy environmental conditions that are characterized by high turnover of tree species, age structure, density, canopy cover as well as volume and quality of dead wood (Zenner 2004; McMullin et al. 2010) . Old forests with minimal natural and anthropogenic pressures are associated with high environmental heterogeneity and are rich in epiphytic lichens (Neitlich & McCune 1996) . For instance, pristine tropical primary forests display high degree of structural complexities. Loss of tree species is predicted to reduce the structural complexities of forests and consequently diversity of niches available for colonization by various species, including lichens. Such forests are characterized by forest stands that are the early phases of succession.
Most ecological studies on lichens are from temperate regions with only a few from tropical regions, primarily from the Neotropics (Wolf 1993a b; Cornelissen & Ter Steege 1989; Komposch & Hafellner 2000; Kessler 2000; Plata et al. 2008) and Asia (Wolseley & Aguirre-Hudson 1997; Baniya et al. 2010 ). Consequently our knowledge on lichen diversity, ecology and distribution in the palaeotropical regions of sub-Saharan Africa is relatively poor (e.g., Ellis 2012), although such data would be important for comparative studies. This study inventoried lichen assemblages along an elevation gradient in various forest types in Mt Kenya and thereafter investigated their relationships with forest characteristics. Specifically the following ecological factors were evaluated on their influence on lichen diversity and Table 2 . Number of species (observed and estimated) the percentage (%) sampling effort, and diversity indices (Shannon, Pielou's and Beta) in various sampling sites in Chogoria (C) and Sirimon (S) forests.
Sampling areas C1  C2  C3  C4  C5  C7  S1  S2  S3  S4  Sum  for  Chogoria   Sum for  Sirimon   Samples  49  72  72  27  10  29  30  34  53  17  249  134  Species  observed   56  58  47  37  15  34  39  34  53  24  148  94   ACE  59  62  50  42  93  36  52  36  59  27  157 Table 4 . Analysis of similarity (ANOSIM) of lichens among host trees. Provided are R values and significance levels with asterisks indicating significance levels at p = 0.001. Full names of tree species are provided in Figure 3D . 
MATERIALS AND METHODS

Study area
Mount Kenya is the second highest mountain in Africa, situated in the central part of Kenya (00°10'S and 37°20'E), and is crossed by the equator (Fig. 1) The land surrounding Mt. Kenya is densely populated with intensive farming activities that over the past have extended into the forested areas depending on suitability for cultivation. For instance cultivation reached up to 1800 m on the southern, up to 2400 m on the eastern and western sides, and nearly up to 2900 m on the northern slopes. The low and mid-elevation forests are protected as forest reserves managed by the Kenya Forest Service (KFS), whereas the alpine zone is a national park managed by the Kenya Wildlife Service (KWS). One of the popular forest management approaches is subsistence use of forest resources by the local communities, which includes collection of firewood and plant parts for medicinal purposes, livestock grazing, and harvesting of honey. Vanleeuwe and Lambrechts (1999) observed that these activities affect the structural complexity of the forest thereby posing a management problem and potentially compromising the capacity of Mt. Kenya ecosystem to sustain the needs of its wildlife in the long term. Crucially, effects of subsistence use of forest resources on forest ecosystems are least understood although the practice is widespread and common in most forest reserves in the country (Banana et al. 2008; NEMA 2011) .
Sampling strategy and protocols
Ten study sites were established in the indigenous forest of Mt. Kenya, on the humid windward side (Chogoria) and dry leeward side (Sirimon) sides (Fig. 1, Table 1 ). The study sites were located along two main tracks that started at the bottom of the mountain and ended at the upper zones, as such the sampling strategy resembled transects made along an altitudinal gradients. Study sites were subjectively established so that all the major vegetation zones were represented. For each study site, a sampling plot measuring (10 × 200) m were established and subdivided into five subplots of 10 × 20 m. Within each sub-plot, two to three free standing mature and undamaged trees were randomly selected where possible and four quadrats measuring (0.1 × 0.5) m each made on the tree trunks at 1.5 m from the ground (Asta et al. 2002 . The quadrats comprised of four metal ladders placed on tree trunks such that each ladder faced one of the four main compass directions (North, N; East, E; South, S; West, W); which were determined using a magnetic compass. Each quadrat was divided further into five contiguous parts (0.1 × 0.1) m. Quadrats (0.1 × 0.5) m were the focal sampling unit where data on all lichens both macro-and microlichens, their abundances (coverage) and frequency were collected and later used for analyses.
However, the quadrat sampling method was not employed in the bamboo vegetation (site C6) due to their small-sized dbh but lichens were collected randomly in the (10 × 200) m sampling plot. Thus lichen data obtained from sampling area C6 were not subjected to rigorous statistical analysis. Opportunistic collections were also made outside the sampling plots to target lichens that may have been missed or absent in the established sampling plots for the purpose of documenting diversity. During this study an effort was made to identify all host tree species up to genus and / or species level and the vegetation type for each Table 6 . List of 97 lichen species and their total abundances in the ten study sites used to generate the DCA biplots. and Sirimon (S1-S4).
sampling site described using the dominant tree species. Elevation and geographical coordinates were determined using a global positioning system receiver (GPS). Sampling plots were located roughly 50 m from the tracks In order to minimize edge effects and about 200m from each other.
Data analysis
The completeness of our sampling effort for each of the ten sampling sites was assessed using three nonparametric estimator methods: incidence-based coverage (ICE), abundance-based coverage (ACE) and CHAO2 (Colwell 2013). These estimators are conservative and suitable for many species even though their robustness might depend on the sample size, habitat heterogeneity and organisms under consideration (Unterseher et al. 2008) . Estimated levels of the percentage of completeness of each sampling site were determined by dividing the actual number of species recorded by the maximum average number of species estimated by the three estimators.
Species abundance and distribution measures were used to describe the lichen community structure. Species diversity was analysed using Shannon index H:= -å s i= j (r i) (log i r i ), pi = n i / N; where H' = index of species diversity, r i = proportion of total sample belonging to the i th species; N= total number of species; ni = individual number of species j; whereas evenness was quantified using Pielou's evenness: J'= H'/Log e S where J' = Pielou's evenness, S = total species. Beta diversity = b w or species turnover across an environmental gradient or between habitats, a measure of habitat heterogeneity (Magurran 2004 ) was calculated using the Whittaker index (Whittaker 1960) , b w = S/á where b w = Whittaker's index of diversity, s = alpha diversity (number of species / sampling area) divided by gamma diversity, which is the number of species recorded in either dry (Sirimon) or humid (Chogoria) forest. Similarly sample-based rarefaction was used to analyse and compare community structure for the ten sampling sites using the Coleman's sampling with replacement method (Coleman et al. 1982) ; the analyses give both rarefaction and species accumulation curves (Gotelli & Colwell 2001) . Differences in species composition were determined using analysis of similarity (ANOSIM) using PRIMER software package (Clark & Gorley 2001, PRIMER-E, Plymouth, UK).
The interaction between species data and three main factors was studied with analysis of variance (ANOVA) using STATISCA software (Stat soft. Inc. Tulsa, OK, USA). Hypotheses relating to the effects of the main factors were tested with a generalized linear model:
Species richness = constant + vegetation zones + host (vegetation zones) + random deviation, where constant is the overall mean, vegetation zones is random factor within an area, host is randomly nested within vegetation zones. The model tested the hypotheses that lichen assemblages varied along elevation gradient and corresponding vegetation zones, and the host trees' species. To further investigate the effects of vegetation zones and hosts, posthoc pairwise comparisons of means were performed (ANOVA, Tukey HSD for unequal N). However, spatial effects or distances between the two main study areas Sample-based species accumulations / rarefactions curves of the ten sampled sites (above) and the two forest areas (below). Abbreviations 'C' and 'S' respectively refer to sampling areas in Chogoria and Sirimon forests in Mt. Kenya.
(humid versus dry sides of the forest) were tested separately. Prior to the analyses, species richness was log transformed (log(x+1) and the normality tested and confirmed by the Shapiro-Wilk Test.
Further multivariate analysis to determine species distribution patterns at two levels of community organization (forest types and host tree) were examined using Detrended Correspondence Analysis (DCA) using PCORD version 6.0 (McCune & Mefford 2011) . During DCA analyses quadrats that had less than three species represented were omitted as well as lichen species that occurred in less than two sites. Indicator Species Analysis (ISA) was performed to established lichen species with specific preference to particular tree species. The ISA give an indicator value (IV) for each species based on their relative abundance and relative frequency on the host tree. The IV performs a Monte Carlo permutation test of significance based on 1000 randomizations and assesses the faithfulness of the lichen to a tree.
RESULTS
Sampling effort and completeness of the survey
During this study a total of 373 quadrats were sampled, which comprised of 239 and 134 quadrats from Chogoria and Sirimon forests, respectively (Table 2 , list of all species collected is given as appendix 1). The samples yielded a total of 242 taxa. Chogoria and Siromon forests had 148 and 94 species that translated to a sampling effort of 74% and 68%, respectively. Percentage sampling efforts for the ten sampling sites ranged from 19 to 80%, with most sites registering more than 50% except C5 with 19%; C4, 45%, and S3, 47% (Table 2) . Pointedly there was an element of under-sampling in sites C5, C4, S1 and S3, as shown by species rarefaction and accumulation curves (Fig. 2) , which is an indication that significant number of occasionally occurring species were missed during this study. The performance of the estimators varied with ACE estimating lower values than ICE and Chao2, with the latter two giving comparable and reasonable estimates. Overall, the number of samples made per sampling area and the overall completeness of the study 74 % in Chogoria and 68 % in Sirimon (Table 2) were considered sufficient to allow for further comparative analysis of the data compiled.
Comparison of lichen assemblages between humid and dry zones
More lichen species were recorded on Chogoria side of the forest (148) than Sirimon side with 94 species. Comparison of species richness using ANOVA between Chogoria and Sirimon sampled sites were found to be insignificant (F =1.89, p = 0.17) . Similarly lichen assemblages between the two sides were indistinguishable when using AMISOM analysis. Generally, the sampled sites in Chogoria and Sirimon forests supported comparable species numbers and diversities. Shannon diversity was 4.3 and 3.6 for Chogoria and Sirimon respectively (Table 2 ). In contrast Sirimon forest had slightly higher species evenness than Chogoria.
The DCA analyses showed that Chogoria and Sirimon had differences in the occurrence of lichen species, except for Chogoria site C7 that grouped together with Sirimon sampling sites (Fig. 3A, Table 3 ). Macrolichens were more dominant on the Sirimon side, with the common species comprising of Flavoparmelia soredians, F. caperata, Lobaria pulmonaria, Leptogium azureum, Heterodermia leucomelos, H. japonica, Pertusaria pilosula and Usnea exasperata (Fig. 3B) . In contrast the common lichens on Chogoria side included; Lepraria usnica, Megalospora tuberculosa, Phyllopsora confusa, Pyrenula cruenta, P. mastophora and Porina sp. (Fig. 3C) . Meanwhile sampling site C7, which was ordered separately, supported Lobaria pulmonaria, H. japonica, F. caperata, Anzia afromontana Pertusaria krogiae and Parmotrema chinense (Fig. 3B) .
Variation of lichens with altitude and forest type
Overall the number of species significantly varied with elevation or forest type (F = 72.04, p = 0.00); with differences being insignificant between sampling sites (or forest types) on Sirimon side (F = 1.10, p = 0.78) but significant on Chogoria side (F = 61.72, p < 0.00). Further post hoc analyses found significant differences between C1 vs C2, C3; C3 vs S3, C7 vs C1, C2, C3, C4, S1, S2 and S3 at p < 0.00 whereas none was found among the four sampling sites on Sirimon side. Further analyses using ANOSIM found significant differences existed among lichen assemblages among most forest types (Table 4) . Whereas most sampling sites showed significant differences (p = 0.001) on Chogoria side, only two sampling sites were found to significantly differ on the Sirimon forest side (S1 vs S3, p = 0.001). The DCA analyses agreed with the similarities analyses of ANISOM and ANOVA that elevation significantly affected lichens more in Chogoria than in Sirimon. For Chogoria DCA's biplot, the first variation (55%) was attributed to elevation while for Sirimon, the first axis variation (36.9%) was attributed to elevation while the second axis (42.2%) was attributed to effects of host tree species (Fig. 3B & C) .
Association of lichens to particular tree host species
A total of 203 taxa were obtained from 112 tree hosts sampled. Overall the number of lichens differed significantly among the nine tree species that were adequately sampled (F = 30.45, p = 0.03). Further post hoc analyses showed that Hypericum revolutum had significantly higher number of lichens (3.50±0.26 per quadrat) than the other eight tree species, which had low to moderate number of lichens (ranged from 1.20±0.19 to 2.25±0.15). Analysis of similarity (ANOSIM) showed that lichen assemblages between H. revolutum and J. procera were similar with both significantly differing with other tree species, except with Podocarpus spp (Table 5) .
Most tree species tended to support unique lichen assemblages except for a few trees species that had similar lichen assemblages. The DCA results (Fig. 3D) were to a certain degree similar to those of Indicator Species Analysis (ISA), which found 12 lichen species to have significant preference for five tree species (Table 6 ). For instance five lichen species showed preference to J. procera, H. revolutum had three lichen species, S. scheffleri (two species) and one lichen species each for N. macrocalyx and M. kilimandscharica.
DISCUSSION
This study assessed lichen assemblages in various forest types under varying ecological and climatic conditions in the Mt Kenya forest. In the study ca. 73 species belonging to 24 genera were recorded for the first time in Kenya. In addition, a number of crustose samples in the genera Graphis Hemithecium, Porina, Strigula, and Thelotrema are likely to be new species to science, however further studies on these samples are required. Most collectors recognize that widespread or abundant species are likely to be encountered with minimal sampling effort unlike rare and new species, which require adequate effort (Longino et al. 2002 . Overall this study recorded an impressive number of lichen species although it only considered two eco-climatic areas contrasting transects along an elevation gradient, one on the more humid windward side and other the on the drier leeward side of Mt Kenya. It is imperative that sampling more areas with different eco-climatic conditions in Mt Kenya will likely result in more species being inventoried. This is consistent with the findings of Lücking (1999) , who predicted that tropical regions support high lichen diversity that might equal or even surpass that of the well known temperate regions.
Only a few lichen inventories have been undertaken in Africa and a couple from the Neotropics and Asia. This study primarily focused on the understorey corticolous lichens in both closed and open forest types. Whereas lichen assemblages recorded may not be directly compared with others from tropical regions that considered whole tree trunks including the tree canopies, we can draw some general conclusions. For instance the overall species richness from the humid Chogoria and dry Sirimom, respectively, were considered moderate to high and comparable with other findings reported elsewhere in the tropics. In Kenya, Frisch & Hertel (1998) The two forest areas with different ecological and climatic conditions studied (i.e., Chogoria and Sirimon) produced two unique set of lichen assemblages. The humid Chogoria was more diverse in species than the drier Sirimon side. Forests on the Sirimon side were dominated by open canopy, whereas those on Chogoria side had relatively closed canopies (Bussman 2006) . Aridity and amount of moisture are factors known to influence vegetation and subsequently expected to affect lichen distribution with temperature and humidity being two surrogates' measures of climatic conditions that correlates strongly with altitudinal gradient (Ellis et al. 2007 ). Open forests in Sirimon were more dominated by foliose ca. 70 species, while closed forests on the Chogoria side were dominated by ca. 110 crustose lichen species. Notably a strong correlation between lichen assemblages and elevation existed on the Chogoria side (Fig. 3C ). However sampling site C7, situated at high elevation on the Chogoria side, was exceptional and supported a unique cluster of lichen species similar to those found in sampling sites on Sirimon side (Fig. 3A) . This was interestingly and suggested other factors apart from altitudinal-environment complex gradient affects lichens occurrences at higher stand-scale levels. Krog (1987) noted that local composition of lichens in the tropics is a function of a number of interacting factors, most important being humidity and temperature along an elevation gradient. As such high lichen abundance and diversity occurs in areas with high humidity even though actual precipitation may be occasional. Additionally high montane forests with low temperatures and high humidity also tend to have higher diversity of lichens. These observations were consistent with our findings.
Overall lichen abundance and distribution change along the elevation was found to be significant although the variation was more pronounced on the Chogoria side (Fig. 3C) . These results underline the importance of vegetation and specific tree species in determining lichen occurrence. On the steep Sirimon side, tree species of J. procera and Podocarpus spp. occurred in all sampled sites while the gentle sloping Chogoria side, no individual tree species dominated completely any of the seven sampled sites. These results suggest that forest types and heterogeneity has an importance in determining lichen occurrences in montane forests. Consequently decrease in vegetation diversity with elevation is expected to negatively affect lichens as was found in this study. Several studies have reported negative significant relationships between lichen flora and altitude (e.g., Pintado 2001; Dolezal & Srutek 2002) , a scenario attributed to reduced vegetation diversity and habitat heterogeneity due to environmental stress associated with decreasing temperatures (Kurschner et al. 1999; Zotz 1999; Zotz et al. 2003) . Pointedly most of these studies are from temperate regions with only a few from tropics, primarily from Neotropics and Palaeotropics regions (Ellis 2012).
We found a significant relationship between lichen assemblages and individual tree host species. Some trees supported higher number of lichens and of different composition. These include Hypericum revolutum, Juniperus procera, Macaranga kilimanscharica, Neoboutonia macrocalyx and Strombosia scheffleri, which also had significant levels of host specificity with a number of lichen species (Table 5) . Pertusaria krogiae was exclusively found on Juniperus procera. Similar results of distinct lichens host specificity have been reported in previous studies (Moontfoot & Ek 1990; Wolf 1993a; Holtz & Gradstein 2005) . Ecological niche requirements of lichens available on different tree hosts are hypothesized to influence their occurrences, though specific influences of environmental factors on lichens were not part of this study. Findings from this study were consistent with those Foucard (2001) and Smith et al. (2009) who observed that only a few lichen species are restricted to particular tree species with many lichen species displaying preferences to trees types depending on their bark physical and chemical characteristics, principally bark-pH levels that are affected by several factors among them accumulation of nutrients (e.g., K, Ca and Mg), availability of limiting nutrients such as phosphorus, epiphytic communities, differences in tree age and dbh, prevailing soil types in an area, bark texture, hardness as well as water holding capacity (for review see Ellis 2012). Meanwhile more studies are required to substantiate the aforementioned ecological preferences of lichens on tree hosts particularly in tropical forests.
Lichens assemblages were affected by factors relating to different ecological and climatic zones, forest types, and tree species. Maintenance of these three attributes is mandatory for proper and sustainable management of tropical forests that are presently undergoing serious anthropogenic and natural induced changes. Generally high heterogeneity is associated with forest stands with healthy environmental conditions that are characterized by high turnover of tree species, age structure, density, canopy cover as well as volume and quality of dead wood (Zenner 2004; McMullin et al. 2010) . In order to preserve forest structural heterogeneity and in the process create niches for many species, including lichens, forest managers must formulate sustainable forest management practices that eliminate improper activities that threaten forest heterogeneity, such as selective logging, subsistence agriculture, fuel wood collections, forest fires, and natural degradation; which are widespread in Mt. Kenya (Bussman 1994; Vanleeuwe & Lambrechts 1999 
